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EXPERIMENTAL DETAILS
Graphene growth and transfer (34)
The graphene was grown on electrochemically polished copper foil (Alfa-Aesar, No. 46365) in a low-pressure chemical vapor deposition (LPCVD) system. The growth was carried out under the flow of H2 and CH4 (100:1 in volume) at 1020 ℃ for 40 min.
The as-prepared continuous graphene films were transferred onto SiO2/Si substrates, using poly (methyl methacrylate) (PMMA)-assisted wet method for graphdiyne (GDY) growth and Raman spectroscopy characterization. The graphene was grown on both sides of copper foils, and one side of the graphene used for GDY growth was spin coated with PMMA and baked at 120 °C for 10 min. Then, the other side of the sample was exposed to O2 plasma for 5 min to remove the graphene. Subsequently, the 1M
FeCl3 solution was applied to etch the copper away. Then, the free-standing PMMA/graphene membrane floating on the surface of the etching solution was thoroughly washed with deionized water for several times, and then transferred onto SiO2/Si substrates. After drying, the PMMA was carefully dissolved with hot acetone at 170 °C, yielding continuous graphene film on substrates.
Preparation of HEB (19)
Hexakis [(trimethylsilyl)ethynyl] benzene (TMS-HEB) was synthesized according to the reported synthetic route. TMS-HEB monomers (3.3 mg) were dissolved into 50 mL dichloromethane (CH2Cl2) solvent. Then, 50 μL tetrabutylammonium fluoride (1 M in tetrahydrofuran) was added into above-mentioned TMS-HEB solution. After stirring at 0 ℃ for 15 min under an argon atmosphere, hexakisbenzene (HEB, 0.1 mM in dichloromethane) was obtained, which served as the precursor solution of the coupling reaction and was used immediately.
COMPUTATIONAL DETAILS
First-principles calculations were performed using density functional theory (DFT) method implemented in the Vienna Ab-initio Simulation Package (VASP) code (35) to obtain the energy variation during the synthesis of GDY. The generalized gradient approximation with the Perdew-Burke-Ernzerhof (GGA-PBE) type exchange-correlation functional and the projector augmented wave (PAW) method (36) were adopted in all calculations as well as the Tkatchenko-Scheffler (TS) method (37) for the vdW corrections. Spin polarized calculations were considered for all models.
The plane-wave energy cutoff was fixed at 400 eV. The climbing-image nudged elastic band (cNEB) method (38) 
CHARACTERIZATION
Characterization of morphology and structure was carried out by optical microscopy, scanning electron microscopy (Hitachi S-4800 operated at 2 kV). XPS measurement was conducted with Kratos Axis Ultra-DLD spectrophotometer using monochromatic Al X-ray at low pressures of 5×10 -9 to 1×10 -8 Torr. Raman spectra and confocal micro-PL measurements were conducted on Horiba HR800 Raman system with a laser excitation wavelength of 514.5 nm, spot size ~1 μm. The intensity of Y′ peak has a significant enhancement with increasing time, showing that the terminal alkynes (HEB monomers) coupled quickly with each other to form an alkynyl-contained carbon network structure. However, the reaction rate decreaed with increasing reaction time, which results from the lower solubility and the lower reactivity of the enlarged alkynyl-contained carbon network structure. After being stored in air for 10 days, intensity of Y′still kept at a high level, exhibiting an air-stability. Further analysis established that the ratio of Y′ and 2Dg decreased from ~0.55 to ~0.47 after being stored in air for 15 days, but it still kept at a high level. After being stored in air for the subsequent 15 days, the ratio of Y′ and 2Dg
showed an obvious decreasing tendency (from ~0.47 to 0.22), which maybe results from the reaction of sp-carbon with adsorbed O2 on GDY. 
